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CHAPTER 2
SLOW RATE SYSTEMS

Section I. Process Description

2-1, Introduction. Slow rate land treatment is the controlled application
of wastewater to a vegetated land surface. A portion of the flow is used
by the vegetation and the remainder percolates below the root zone into
deeper soil layers or the groundwater table. The wastewater is treated as
it passes through the topsoil, the root zone and the deeper soil layers.
When the groundwater is a drinking water aquifer, the system is designed
and operated so that drinking water standards can be maintained at the
project boundaries. Slow rate systems resemble conventional irrigation
both in layout and operation. Sprinkler units can be fixed risers or
moving systems such as center pivot rigs. Surface application techniques
include ridge and furrow, and border strip flooding. Slow rate systems are
the most common type in use at Corps of Engineers facilities. Table 2-1
summarizes the typical site characteristics, design features and perform-
ance expectations from slow rate land treatment. Figure 2-1 illustrates
the various hydraulic pathways in slow rate systems.
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Figure 2-1. Slow rate hydraulic pathways.
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Table 2-1. Typical characteristics of slow rate land treatment systems.

Site characteristics

Grade Less than 207 on cultivated land;
less than 407 on uncultivated land.

Soil permeability Moderately slow to moderately rapid.

Depth to groundwater 2-3 feet (minimum).a

Climatic restrictions Storage often needed for cold weather

and during heavy rainfall.

Design features

Application method Sprinkler or surface floodigg
Annual loading rate (feet) 1.5 to 20 = (11-150 gal./ft< per year)
Field area required (acres)b 60 to 700 =
Typical weekly loading (inches) 0.5 to 25
Minimum preapplication PrimarycC

treatment in the U,.S.
Vegetation ‘Required

Expected percolate quality

Average Upper range

BOD (milligrams per litre [mg/L]) <2 <5
Suspended solids (mg/L) <1 <5
Ammonia nitrogen (as N) (mg/L) <0.5 <2
Total nitrogen (as N) (mg/L) 3d ¢8d
Total phosphorus (as P) (mg/L) <0.1 <0.3
Fecal coliforms (no./100 mL) 0 <10

a Underdrains often used at sites with high natural groundwater to maintain
this level, see figure 2-1.

b Field area is that part of system actually wetted by applied wastewater,
it does not include buffer area, roads or ditches. The acres shown are for
a typical 1 million-gallon—-per—-day system.

c Use of primary wastewater requires restriction of public access to site
and production of crops not used directly by people.

d Percolate concentration will depend on amount in applied wastewater and
type of vegetation used in the system. ,
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2-2. Hydraulic loading.

a. It is typical for most waste treatment processes to be described in
terms of the flow volume per unit of time, such as cubic meters per second
or gallons per minute, etc. The loadings on the process units are then
often defined as that volume divided by the surface area of the tank or
pond (i.e. gallons per square foot per day). Slow rate land treatment is
different, however. Since it is related to conventional irrigation prac-
tice it is typical to describe wastewater loadings in terms of the depth of
water applied over the treatment surface area during the time under discus-
sion. These loading units are still in essence the more familiar volume of
flow (cubic feet [ft3]) divided by the surface area involved (square feet
[£t2]) to give the units of depth (ft3 ¢+ £t? = ft). As shown in table 2-1
a typical system might apply 3 metres (9.8 feet) of water per year on a
field. Conversion to more familiar terms is relatively easy since:

1 centimetre (cm) of water on 1 hectare (ha) = 100 cubic metres (m3)
- 1 metre (m) of water on 1 hectare = 10,000 cubic metres

1 inch (in.) of water on 1 acre = 27,152 gallons (gal.)

1 foot (ft) of water on 1 acre = 325,829 gallonms

So, a loading of 3 metres per year would be equal to 30,000 cubic metres
per hectare per year, or 3,207,133 gallons per acre per year, or 73.6
gallons per square foot per year.

b. Tt is also typical for most community waste treatment systems to be
in use 24 hours a day, 365 days per year. This is not true for the land
treatment portion of slow rate systems. The site is usually divided into
subareas and the application is frequently rotated between fields. A
particular subarea might then only receive wastewater a few hours for 1 day
each week. Systems in extreme climates might shut down completely for
‘several weeks in the winter and store the wastewater in a pond during that
period. If a l0-foot per year system were operated 52 weeks per year the
average weekly loading would be:

(10 £ft)(12 in./ft) + 52 weeks = 2.3 in./week.

If the system shut down for 12 weeks per year, the operational season: would
be 40 weeks and the average weekly loading would have to be:

(10 ft)(12 in./ft) + 40 weeks = 3.0 in./week.

The system design might require that a particular field receive its entire
weekly loading during an 8-hour (hr) period, 1 day per week. The actual
application rate would then be:

3 in. # 8 hr = 0.375 in./hr

It is this final, short~term application rate that is the basis for the
design of the delivery pipes and pumping systems. For example, 0.375
in./hr on a 25 acre field would require a pumping capacity of (minute
[min], second [s]):



EM 1110-2-504
30 Nov 83

(0.375 in./hr) + (12 in./ft) + (60 min/hr) + (60 s/min) = 0.0000087 f

*

f/s

(0.0000087 ft/s) (25 acres) (43,560 ft?/acre) = 9.45 £t3/s

or

c.
figure 2-1.

(9.45 £t3) (448.8) = 4241 gallons per minute (gpm).

The hydraulic pathways for the applied wastewater are illustrated in
The recovery or subsurface pathway used in a system is partic-

ularly important for determining monitoring requirements, which are dis-

cussed in section

2"3.

System types and management.

III.

The type of slow rate system can range

from a remote forested site with no public access to a golf course or park

with daily public

use.

These systems can be managed by the Corps of Engi-

neers or contract personnel, or be built by the Corps of Engineers and
These various combinations and the
critical factors to be considered for each are summarized in table 2-2.
Both the type of system and the management plan are decided on during
design; however, either can be changed later, so the system operator should

operated by state

be aware of the implications of such a change.

Table 2-2 .

or local agencies.

Management needs

In general, a change from

Slow rate system types and management needs.

Corps of Englineers
bullt and operated

Corps of Engineers bul |t,
contractor operated

Corps of Engineers, state

or local agency operated g

M

System type
1, Forest site, remote,
no public access,

2, Forest site, |Imited
publlc assess for hiking,
hunting, etc,

3. Agrlvculfural site,
pasture with animal
grazing, No public access,

4, Agricultural site,
crop production and har-
vest, No public access,

5. Recreational site,
continuous public access
(golf courses, play=-
grounds, athletic flelds,
etc,),

Primary effluent sultable,
Tree harvest program I|f
nitrogen removal is system
requirement, Operation often
seasonal,

Pond effluent suitable if
access |imited to nonapplica~
tlon season, Tree harvest
program as above (f needad,

Not typical for Corps of Engi-
neers systems, could lease
rights, Primary effluent sult-
able, Avoid dalry animals,

Not typlicat for Corps of Engi-
neers systems, except lease
for forage grass or hay har-
vest, One to three cuttings
per season depending on loca~
tion and climate, Primary
effliuent sultable,

More common in water short
areas, Needs biological treat-
ment, in pond or similar, and
an oxidized, stabie effiuent
with fecatl collform <200/100 mL,

Same as Corps of Englineers
operated,

Pond effluent, with fecal coll-
form <1000/100 mL if access
not restricted durling season,
Otherwise same as no, 1,

Pond effluent with fecal coli-
form <1000/100 mL since less
direct contro! over type of
animal or perlods of access,
8
Could be farmed by contract
operator or by subcontractor;
transmission of wastewater to
focal farmers possible, To
cover all cases need pond
effluent with fecal colliform
<1000/100 mL, Avoid human food
crops that are eaten raw,

Same as Corps of Engineers
operated,

Same as Corps of Engineers
operated, State or local
agency may have additional
requirements,

Same as contractor operation
with any additional state or
local requirements,

Same as contractor operation
with any additlonal state or
local requirements,

Minimum requirements same as
contractor operation, State
may [imit types of crop to be
produced or have other re~
strictions,

Same as Corps of Engineers
operated, Additional po!lish~
ing step (chemical treatment,
filters, microscreens) some-
times used for conslstently
low suspended solids,
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forest to crop production or a decision to allow public access may require
higher levels of preapplication treatment and disinfection. A shift from
direct Corps of Engineers operation to contract or local agency management
may require similar considerations, particularly if the Corps of Engineers
is still responsible for performance.

Section II. Staffing Requirements

2-4., Introduction. The number of operating personnel and the skill levels
required of them will depend on the type of system (table 2-2) and on its
size. Figure 2-2 presents an estimate of the personnel needs of typical
slow rate land treatment systems. The figure shows the approximate number
of man—hours per day for the smaller systems and the number of full-time
employees required for the larger systems. These estimates are only for
the land treatment portion of the system. Additional time will be required
for operation and maintenance of any sewer systems, sewer system pump
stations and the pretreatment processes that are used prior to land treat-
ment. These estimates are for a "typical™ system; an agricultural operation
producing row crops will require more time for O&M than indicated, a
forested site will require less. The time required will also vary with the
equipment used. For instance, a center pivot unit would require less time
than solid-set sprinklers or a surface flooding operation. The level of
preapplication treatment also has an influence; the use of primary effluent
will require more attention than the use of pond or secondary effluent
because of sprinkler cleaning, etc.

4

10

~Daily Flow (gpd)

Man-hours/day

| ! | 1 ]
3 10° f— —
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(o] 2 4 6

No, of Full-time Employees

Figure 2-2. Personnel needs for land treat-
ment portion of slow rate systems.
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2-5. General skills. The general skills required for routine operation of
all types of slow rate systems are essentially the same as those needed for

routine operation of any simple waste treatment system. The ma jor mechani-

cal tasks involve operating and servicing pumps, motors and valves. The
only "new"” mechanical elements are center pivots or similar rigs and the
sprinkler nozzles. The mechanical components of the former are all
familiar (drive motors, grease fittings, etc.) and are not difficult to
service. Sprinkler nozzles will require attention but manufacturer's
literature provides clear instructions for servicing the type chosen for a
particular project. A unique requirement for slow rate land treatment is
deciding when to turn the water on and off or when to switch the applica-
tion to a different part of the site. A basic program and schedule of
operations will have been determined for each project during final design.
However, this may require adjustment by the operator if flow increases, if
a year 1is especially wet or dry, or if the vegetation used in the system
changes. Section I of this chapter introduced the hydraulic loading con~
cepts, section IV will present further details on specific operating proce-
dures.

2-6. Special skills. The operator of a forested site will sometimes need
expert advice to help with problems such as insect infestations or plant
diseases, or to determine which trees to cull or when to clearcut. The
operator of an agricultural site will require all of the farming skills
normally assoclated with the particular activity (pastures, hay crops, row
crops, etc.). Recreational sites require particular attention to water
quality to maintain adequate health protection (see section III for infor-
mation on monitoring). In addition, the wastewater application scheduling
for recreational sites requires careful control so as not to interfere with
recreational activities. That will usually involve nighttime or off-season
application. Many recreational sites will include a carefully maintained
turfgrass cover. The opeéerator may need expert advice from time to time onm
‘procedures for reseeding, weed control, supplemental fertilization, etc.
Most states now have licensing programs for wastewater treatment plant
operators. Although these programs tend to focus on the conventional
mechanical systems for wastewater treatment, it would still be beneficial,
and possibly necessary, for land treatment system operators to obtain
operator licenses. The training involved in these programs should help the
operator to better understand the health and safety requirements of waste-
water treatment as well as operation of the mechanical components common to

all systems.

Section III. Process Control and Monitoring

2-7. Introduction. The information needed for operation of the system is
obtained through the monitoring program. Monitoring needs can be divided

. into two categories. There is compliance monitoring to certify that the
system is meeting the requirements of the Federal, state and local agencies
that are responsible. There is also routine process monitoring to ensure
that all internal components in the system are cost effective and function-
ing as designed. This type of monitoring is necessary even if regulatory
requirements did not exist. However, it is often possible to satisfy both
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regulatory and operating needs at the same time if the monitoring program
is carefully planned.

2-8. Compliance monitoring.

a. General. The Federal government and all states have regulations
controlling discharges to surface waters. Land treatment systems with a
point source discharge will require a National Pollution Discharge Elimina-
tion System (NPDES) permit from the appropriate agencies. However, not all
land treatment systems have a point discharge to surface waters so an NPDES
permit is not always required. Land treatment systems that collect the
treated water with underdrains or wells and then discharge it to surface
waters will need a permit, as will most overland flow systems (chap. 3).

In general, the hydraulic pathways shown in figure 2-1b for slow rate
systems will require an NPDES permit, the others will not.

(1) Although a discharge permit may not be required for the case
where the treated water remains in the ground or emerges into surface water
at some remote place (fig. 2-lc) these systems are not ignored by the regu-
latory agencies. Many states now require permits to discharge to ground-
water. Their criteria range from very specific regulations that have the
force of law to general guidelines that may be strongly recommended but
which are more flexible in application than regulations; there are also
case~by-case determinations that depend on the site conditions and opera-
tional plan of a particular system.

(2) These controls protect the health of the operators and the
general public, as well as safeguard the environment. The concern goes
beyond water quality and can include the type of crop to be grown, the
condition of the soil and the presence of airborne aerosol particles. As a
result, some agencies issue specific criteria relative to the type of
" system that can be operated as well as specific monitoring requirements to
ensure compliance.

b. Federal guidelines. The U.S. EPA has issued guidelines for the
level of preapplication treatment believed suitable for various types of
land treatment systems. These guidelines are intended to protect the
public health and they become more stringent as public access increases or
when the crops grown enter the human food chain directly. Table 2-3
presents the U.S. EPA guidelines for all three of the major land treatment
systems., The U.S. EPA does not have monitoring requirements for land
treatment systems that don't have point source discharges. Generally, the
normal process control monitoring (para. 2-9) that should be undertaken for
all systems will be adequate to guarantee successful operation of the
system.
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Table 2-3. Guidance for assessing level of preapplication treatment.

Slow rate systems (reference sources include U.S. EPA water quality
criteria and various state guidelines).

~ Primary treatment —- acceptable for isolated locations with
restricted public access and when limited to crops not eaten
raw by people.

- Biological treatment by lagoons or in-plant processes plus
control of fecal coliform count to less than 1000/100 mL--
acceptable for controlled agricultural irrigation, except for
human food crops to be eaten raw.

~ Biological treatment by lagoons or in-plant processes with
additional BOD or suspended solids control as needed for
aesthetics, plus disinfection to log mean of 200/100 mL (EPA
fecal coliform criteria for bathing waters) —— acceptable for
application in public access areas such as parks and golf
courses.

Rapid—-infiltration systems.

- Primary treatment -—- acceptable for isolated locations with i
restricted public access. ‘ i

. = Biological treatment by lagoons or in-plant processes =~
acceptable for urban locations with controlled public access.

Overland flow systems.

- Screening or comminution = acceptable for isolated sites with no
public access.

- Screening or comminution plus aeration to control odors during
storage or application — acceptable for urban locations with

no public access.

Cc. State requirements. All of the 50 states have an interest in and
some level of control over the monitoring of land treatment systems, even
though there is no surface discharge. Table 2-4 is a listing of the states
that have monitoring criteria and the level of control that they impose (as
of 1 January 1982)., The monitoring requirements for a particular system
will have been determined during design and will be written into the site-
specific portion of the O&M manual. Where applicable, the guidelines or
regulations from the state agency should be included in the manual. The
operator must then be aware that if he changes the mode of operation, or if
he allows public access or changes the crops to be grown, there may be a
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guidelines or regulations.

state agency will be needed.

Table 2-4.
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In the first two categories of table 2-4

In the last category direct contact with the

State control of monitoring.

Regulation

California, Delaware, Michigan, Minnesota, Oregon,
Pennsylvania, South Carolina, Vermont, Wisconsin,

Guidelines

Georgia, Illinois, Maryland, Nebraska, New Hampshire,
New Mexico, New York, Oklahoma, Texas, Virginia, West

Virginia

d. Monitoring locations.

Case~by—-Case

All others ~ 28 states

It 1s not possible to present here all of the

states' specific requirements for the type and frequency of testing of the

applied wastewater, percolate-groundwater, soils and crops.

Such a listing

would be too complex to be of value and would rapidly be out of date since

many agencies frequently update and revise their criteria.

However, it is

possible, based on present criteria, to summarize the areas of most concern
Table 2-5 summarizes the number of states that
monitor the major components of a land treatment system: the applied waste-

to the state agencies.

water, the groundwater, the soil, the crop and aerosols.

Their level of

concern ranges from required monitoring to case-~by~case judgment to no

concern at all.

Table 2-5.

Monitoring

Required-recommended
Suggested
Case-by-case

No concern

Number of states with monitoring criteria.

Applied
wastewater Groundwater Soil Crop Aerosol
25 14 5 2 0
0 0 2 2 0
20 31 20 23 15
5 5 23 23 35

2-9
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e. Wastewater monitoring. The majority of states are concerned about é,»’;
the quality of the wastewater to be applied, and 25 have specific regula- -
tions or guidelines. Groundwater protection is a case-by-case concern and
it depends largely on the groundwater use in the vicinity of the facility
and the classification of the aquifer. Monitoring of the soil is usually
of the process control type to make sure the system operates properly or to
warn of long-term effects that might inhibit the future use of the site for
other purposes. Crops are also monitored for operational purposes but the
level of concern increases when the crop is consumed directly by people.

The potential for aerosol contamination is of little concern to most state
agencies, except on a case-by-case basis for recreational operations and
those that are close to the public.

(1) A typical example of the type and frequency of monitoring re-
quired for the applied wastewater is shown in table 2-6. The Biochemical
Oxygen Demand (BOD), pH, nitrogen and phosphorus are familiar water quality
parameters tested for in most systems. However, in this case the main
purpose for monitoring the pH, nutrients and other critical chemical inputs
is to make successful operation of the system certain. This is essentially
process control monitoring since the purpose is to ensure healthy vegeta-
tion and successful operation, which in turn will ensure realization of
design goals and compliance with water quality requirements. Many param-
eters (metals, etc.) are not shown in table 2-6. Either they are not
generally present in sufficient concentration in the typical domestic-
municipal wastewaters or their presence has no direct effect on the proper o
operation of the system. , ‘i .

Table 2-6. Typical monitoring schedule for applied wastewater.¥

Size of system (mgd)

Parameter 0 - 0.075 more than 2.0
BOD once/3 months twice/week
Suspended solids once/3 months twice/week
pH _ once/3 months twice/week
Kjeldahl-nitrogen once/3 months twice/week
Ammonium-nitrogen once/6 months once/week
Nitrate~nitrogen once/6 months once/week
Phosphorus once/6 months once/week
Chloride once/6 months once/week
Sodium once/year ' once/month
Calcium once/year once/month
Magnesium once/year once/month
Potassium once/year once/month

* For systems without significant storage.
for effluent applied from storage ponds.

sizes.

2-10
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(2) A similar listing will be included as part of the site~specific

0&M manual for every system. If there are no specific requirements from

state or local agencies, then the listing in table 2-6 is recommended for
Corps of Engineers systems receiving typical domestic-municipal waste-
waters. Composite samples should be taken, if possible, during 1 day's

operation either at the pumping station or at the actual application site.

f. Groundwater monitoring. Groundwater is usually monitored at the
system boundaries when the quality of drinking water supplies are a fac-
tor. Nitrate-nitrogen (NO3™-N) is the parameter of greatest concern, but
it is advisable to measure the other forms of nitrogen (TKN, NH4+) as well
since they might subsequently oxidize to nitrate. In general, slow rate
systems that can remove enough nitrogen to meet drinking water standards at
the project boundaries will also remove all of the other constituents of
concern in typical domestic~municipal wastewaters. Frequent sampling is
not necessary because groundwater moves relatively slowly and rapid changes
in quality will not be observed. Samples taken once or twice per year
should be sufficient. The design of those systems that operate only
seasonally should include an estimate of the travel time for the percolate
to reach the project boundary and the sampling operation should be
scheduled accordingly.

(1) Since there may be little vertical mixing of the groundwater and
the system percolate, the sampling depth of the monitoring wells must be
carefully selected during design. Wells that are too deep will probably
not obtain samples that have been influenced by the land treatment opera-
tion. The original location and depth of monitoring wells should be deter-

Locked Cap

Steel or
Concrete Collar

0/50 Soil Cement
r Clay Mix

Natural Soil Backfill
4" Dia. Plastic (tamped)

or Steel Pipe

Groundwater
Table

Figure 2-3. Typical shallow monitoring

Well Screen =
" well.
(at least | long

w/closed bottom)
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mined during design. However, it may be necessary to add new wells if (; E
operational conditions change or if groundwater levels were not properly ‘
determined during design. Figure 2-3 illustrates the design features for a
typical shallow monitoring well that, depending on soil conditions, could
be installed to depths of 10-15 feet by the system operator. Deeper wells
will generally require mechanical drilling techniques.

(2) Groundwater monitoring wells are sometimes installed within the
application site as well as at the project boundaries. These wells monitor
performance immediately beneath the application site and measure the depth
of groundwater under the application site. Figure 2-4 illustrates one
. relatively easy technique for measuring the depth of water in monitoring
wells. Since samples are taken infrequently from these monitoring wells,
the water standing in the casing will not be representative of the true
groundwater quality. At least three casing volumes should be pumped or
removed with a well bailer prior to well sampling.

Tape

&

(2]

s
(<] T'—‘

— TR

a = top of casing elevation above datum

b = length of wetted tape _

¢ = tape reading--read exactly at the top of

the casing

d = plezometric head, relative to a given datum

c-b = dtw (depth to water) '

a-dtw = d (piezometric head at the center of the
screen, relative to indicated datum plane).

Figure 2-4., Water level determination in observation well.

(3) The location of monitoring wells is based on the determination of
the groundwater flow direction made during system design. As shown in
figure 2-5 the perimeter wells are installed on the hydraulical downgradi-
ent of the site. In addition a monitoring well should be installed on the
upgradient side to measure water quality before the groundwater flows
beneath the site. Measuring the groundwater elevation in these wells can
confirm that the direction of flow 1s as predicted in design. Springs or
seeps in unexpected locations after the system starts up are usually a sign
of groundwater movement, and additional wells may be needed in those direc-
tions. '
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Parimeter
~ Wells

Figure 2-5. Typical monitoring layout.

g+ Soil and vegetation monitoring. Case—~by-case monitoring of site
soil and vegetation is required by a number of state agencies. The long-
term purpose is to document accumulation of critical pollutants. The
short-term (annual) purpose is really process control monitoring to make
sure that the system is working well and is in optimum condition. Since
this is critical to operation, monitoring of soil and vegetation is covered
in the next paragraph. :

2-9, Process control monitoring. This is information the operator should
obtain to make sure his system is operating efficiently with the least
“possible cost and energy use. The compliance monitoring discussed previ-
ously is usually concerned with the initial input and final output of most
systems. Process control monitoring is also concerned with those aspects,
as well as with the performance of the internal components in the system.

a. Preapplication treatment. In addition to the testing of the in-
coming wastewater discussed in the previous paragraph, this will also
include monitoring the components, mechanical or other, that are included
in the preapplication treatment for a particular system. This could range
from a simple pond to a complete trickling filter plant with recycle and
regular sludge removal requirements. Details on these types of monitoring
needs will be included in the site-specific portion of the O0&M manual.
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b. Storage ponds. Some type of storage pond is often included in most
slow rate land treatment systems. Their purpose can range from equalizing
the daily variations in flow to seasonal storage for wet or cold weather,
for harvest periods, or for emergencies. Many of the newer slow rate
systems combine preapplication treatment and storage in a single pond
system. Monitoring needs include regular measurement of water level in the
storage pond as well as water quality tests just before and during the
period of land application for seasonal systems. In some cases ponds may
require a liner to prevent uncontrolled release of wastewater to ground-
waters.,

(1) Water level. Water level in the pond should be measured at
least weekly during the operating season. The method of observation can
range from a simple marker board or staff gauge visually observed, to auto-
matic, and sometimes transmitting, water level recorders. Direct observa-
tion by the operator is recommended, even if automated equipment is
installed, to allow him to also observe dikes and other pond structures.

As shown in appendix A, the water level data are used to determine how much
water is to be applied to the land treatment site. The capacity of the
storage pond, determined during design, provides storage for a maximum com-—
bination of wastewater flow and rainfall. The application schedule, also
determined during design, is then based on moving that much water to the
land treatment site during the application season. In any particular year
there may be more or less water in the storage pond than was predicted
during design either due to changes in wastewater flows or very wet or very
dry years. The operator must then revise the application schedule accord-
ingly to make certain that the vegetation on the site gets enough water and
also to keep the pond to the specified low level at the end of the season.
The adjustments used will depend on the type of system and whether the site
is -in a humid or dry climate. Usually, the pumping system has been
designed to deliver a certain volume of water per minute and is not adjust—
"able. However, the operator can vary operation time for the pumps, start
the application season earlier, extend it, or change the amount of water
put on particular parts of the site. Suggestions for appropriate action on
each case are listed in the following subparagraphs.

(a) Operation procedures for more water than normal in storage.

l. Forest, pasture and hay crop sites. Start application
season earlier (as soon as frost is out of the ground) and extend the
season into late fall. If different soils exist, apply more water to areas
with coarser soils by increasing pumping time. Apply more water to the
entire site by increasing pumping time, but do not allow ponding or runoff
of wastewater. '

2. Agricultural row crops. Continue application for longer
period aftef_crop harvest. Consult with county agricultural extension
agent and plant a more water tolerant crop that year. Increase application
to the maximum amount recommended by the extension agency for the crop
grown. Plant a rye grass mixture on the coarsest soils on the site,
continue normal row cropping and application practice on rest of the site.

2-14 .
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Apply at highest possible rates (see para. 2-5 and app. A) on the grassed
plot, and plow under grass and return to normal practice the following
year.

3. Recreational Sites. Increase the application period to the
maximum possible without interfering with public access, and/or restrict
access to a portion of the site and apply at higher rates on that portion,
and/or continue application 